Abstract We take advantage of the Gaia data release 2 to present 275 and 1,774 ultraviolet luminous stars in the FUV and the NUV. These stars are 5σ exceeding the centers of the reference frame that is built with over one million UV stars in the log g vs T eff diagram. The Galactic extinction is corrected with the 3D dusty map. In order to limit the Lutz-Kelker effect to an insignificant level, we select the stars with the relative uncertainties of the luminosity less than 40% and the trigonometric parallaxes less than 20%. We cross-identified our sample with the catalogs of RR Lyr stars and possible white dwarf main-sequence binaries, and find they compose ∼ 62% and ∼ 16% of our sample in the FUV and NUV, respectively. This catalog provides a unique sample to study stellar activity, spectrally unresolved compact main-sequence binaries and variable stars.
The UV luminous stars are outliers that don't fit such UV reference frame. They are probably flaring stars due to magnetic reconnection. The stellar magnetic field is though to be generated and maintained by a stellar dynamo (Wright et al., 2011) , or interaction in a binary star (Simon et al., 1980) or in a star-planets system (Ip et al., 2004) . They could also be the stars with very hot atmospheres, e.g., accreting pre-main sequence stars (Eaton & Herbst, 1995) , hot subdwarfs (Wang et al., 2017) and variable stars (Sesar et al., 2010; Bai et al., 2018) . The excessive UV emission may be originated from the spectrally unresolved companions that are active late-type stars (Yang et al., 2017) .
On the other hand, the main-sequence stars around compact objects that cannot be resolved by the LAMOST spectra, could also emit excessive UV photons (Jao et al., 2014) . Such UV emission could be originated from the accretion disks round white dwarfs (Gänsicke et al., 1997 (Gänsicke et al., , 2001 , neutron stars or black holes. The ratios between X-ray and UV luminosity are about 0.1-100 for quiescent accretion disks around neutron stars and black holes (Hynes & Robinson, 2012; Cackett et al., 2013; Froning et al., 2014) . This UV emission can provide important information to study compact objects in binary systems. Therefore, these UV outliers give us an unique sample that enables us to further investigate the stellar activity and the evolution of stars and binaries. Bai et al. (2018) presented a UV catalog of over three million stars selected from the data release 3 of the LAMOST survey (Cui et al., 2012) , in which about two third were detected by the Galaxy Evolution Explorer (GALEX; Morrissey et al. 2007 ). We take advantage of the catalog to study the UV reference frame with the help of the Gaia data release two (DR2; Gaia Collaboration et al. 2016 Collaboration et al. , 2018a . We present the data for the calculation of UV luminosity in Section 2. The selection of the UV luminous stars is presented in Section 3. Section 4 gives a summary.
DATA
We calculate the average visit magnitudes in Bai et al. (2018) and extract the stellar parameters of the effective temperature (T eff ) and the surface gravity (log g). Gaia DR2 provides parallaxes that can be used to obtain distance information. The UV stars are cross-matched to the Gaia DR2 with a match radius of 2 . Estimating distance directly from the trigonometric parallax may suffer the Lutz−Kelker Effect (LKE), which was discussed in detail by Trumpler & Weaver (1953) , and then parametrically formalized by Lutz & Kelker (1973) . The effect is defined as an offset between the average absolute magnitudes for classes of stars as determined from trigonometric parallax samples and the true mean absolute magnitude for that stellar class (Lutz & Kelker, 1973; Sandage et al., 2016) . The bias is found to be significant for stars with relative high parallax uncertainty, σ π /π 20%. However, the universal application of the correction for the bias has been challenged in more recent years (Smith, 2003; van Leeuwen, 2007; Francis, 2014) . In and log g, and 2MASS photometry to compute the posterior probability with the Bayesian method. We compare their distances to those from Gaia in Fig. 1 . Here, we plot the stars with relative uncertainties less than 20% for the Gaia distances, and don't constrain the relative uncertainties of the Bayesian distances (Bai et al., 2018) . The distances from the Bayesian method are underestimated probably due to the uncertainties in the stellar parameters, if they are not well constrained in the LAMOST pipeline (Wu et al., 2011) . The trigonometric parallaxes in the Gaia DR2, however, have good consistency with those from other methods (Gaia Collaboration et al., 2018b) .
Galactic extinction plays a much larger role for the FUV/NUV than the other bands (Cardelli et al., 1989) . In order to correct the extinction, we use the 3D dust map from Green et al. (2015) , which gives E(B−V ) as a function of the distance and the position. In conjunction with Gaia parallax derived distances, we estimate the reddening in the line of sight for each star in our sample. We adopt the extinction coefficients from Yuan et al. (2013) and Jordi et al. (2010) for the FUV/NUV and Gaia bands, respectively. All the magnitudes presented hereafter are extinction-corrected. The HR diagram of our sample (Fig. 2 , left panels) contains 1,474,479 UV stars with valid distances and extinctions, in which the magnitudes and colors are extracted from the Gaia DR2.
Using the trigonometric parallax from the Gaia DR2, we calculate the luminosity in the FUV/NUV.
We select the stars with the relative uncertainty of L UV less than 40%, and find that their σ π /π < 20%.
In this case, the LKE in our sample does not significantly influence the luminosity. There are 85,444 and 1,271,863 stars satisfied the criteria in the FUV and NUV, respectively ( 
RESULT

UV luminous stars
This luminosity catalog provides a wealth of information for the study of stellar UV emission, and enables Table 1 and 2. The selection yields 275 luminous and 17 quiet stars in the FUV, and 1,774 luminous and 943 quiet stars in the NUV. The luminosity for these stars is listed in Table 3 and 4.
We plot the luminosity vs T eff in the left panels of Fig. 5 . The UV luminous and quiet stars are located along the main sequence, when T eff 5500 K. For the stars with T eff 5500 K, since they are no longer dominated by dwarfs, the distributions for the UV luminous and quiet stars aren't located along the main sequence. We find that the UV quiet stars are consistent with the theocratical model (the contours in Fig. 5 ).
These stars don't shown obvious UV excesses above the emission predicted by the model. The luminosity vs F(N)UV −H is shown in the right panels in Fig. 5 . The UV luminous and quiet stars don't distribute along the main sequence, because the UV − IR colors of the early type stars depend on the T eff (Bai et al., 2018) . Again, the color of the UV quiet stars are consistent with the theoretical colors from the model. The binaries composed of non-degenerate stars and white dwarfs are probably unresolved by LAMOST spectra, and these binaries may become more luminous in the UV than that expected for the secondary stars. Bai et al. (2018) presented a sample of the potential white dwarf main-sequence binaries based on their density distribution in the FUV − NUV vs W 1 − W 2, which are extracted from GALEX and W ISE catalogs. We cross-match the UV luminous stars with this sample, and find 123 and 213 stars in the FUV and NUV corresponding to ∼ 45% and ∼ 12% of our sample. If these stars are white dwarf binaries, their UV luminosities are dominated by the accretion disks or the hot atmospheres of the white dwarfs.
The FUV − NUV vs W 1 − W 2 diagram are powerful to select white dwarf plus M dwarf binaries, since their emissions are mainly in the UV and IR bands, respectively. For binaries with secondary stars with earlier than M, the IR color is not sensitive enough to distinguish white dwarf binaries from single stars. We present an example of a UV luminous star in Fig. 6 . It is a spectrally identified F star with T eff = 6298 K, and log g = 4.05. Its FUV luminosity exceeds the center of the reference frame by 5.9σ. The three Gaia Calibrated UV Luminous Stars in LAMOST 9 II λ6113 originated from hot thin gas, which has been detected in the nova spectra, e.g., Cyg 2014 1 and V445 Puppis (Iijima & Nakanishi, 2008) . The star probably harbors in a binary system around a spectrally unresolved white dwarf that raises the FUV emission and the Fe II line. This implies that there are some potential white dwarf − G dwarf binaries and white dwarf − F dwarf binaries in our sample, which require additional optical colors to isolated them.
There may be also some active stars or active non-degenerate binaries in our sample. They are probably fast rotating stars with strong stellar activity (Reiners, 2012) , or they may have the interconnecting field lines with the companion (Simon et al., 1980) . They also could be very young stars or hot subdwarfs with UV excessive emission from hot atmospheres. The neutron star and the black hole binaries aren't ruled out, but we need multi-band information from radio to X ray to identify them.
SUMMARY
We present a catalog of 275 and 1,774 luminous stars in the FUV and NUV, which exceed the center of the local reference frame with at least 5σ. The reference frame is built with over one million LAMOST UV stars in log g vs T eff diagram. We correct the extinction for the UV emission using the 3D dusty map with the distances from the Gaia DR2. These UV luminous stars are selected with the relative uncertainties of the luminosity less than 40% and the trigonometric parallax less than 20%, therefore they don't suffer significant LKE. We cross-match our sample with the catalogs of RR Lyr stars and possible white dwarf main-sequence binaries, and they in all compose ∼ 62% and ∼ 16% of our sample in the FUV and NUV, respectively.
This catalog provides an ideal sample to study stellar activity, compact main-sequence binaries and variable stars. These objects probably have optical spectra similar to normal stars, but have abnormal emission in the UV. We are going to use the most recent data release of the LAMOST to enlarge the sample, and study them in detail to further shed light on the nature of these UV luminous stars.
